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WATERPROOFING METHOD FOR
ELECTRIC WIRE AND THE WIRE HAVING
WATERPROOF PART FORMED BY THE
WATERPROOFING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a wire waterproofing
method and a wire having a waterproof part formed by the
waterproofing method and 1s particularly designed to be able
to apply a waterproolf treatment at an arbitrary position of a
wire arranged 1n a water susceptible area of a vehicle.

2. Description of the Related Art

Conventionally, there have been cases where a wiring har-
ness 1s arranged along a water susceptible area of a vehicle
such as a car or a motorcycle. A ground terminal crimped and
connected to an end of a ground wire of the wiring harness 1s
grounded by being bolted to a vehicle body 1n many cases.

If the vehicle, to which the ground terminal 1s fixed, 1s
located 1n a water susceptible area, water enters the 1nside of
the ground wire through an exposed core section of the wire
crimped and connected to the ground terminal and penetrates
to the other end of the ground terminal through clearances of
a core made up of a multitude of strands and covered by an
insulating coating layer. In this case, a terminal connected to
the other end of the ground wire 1s 1nserted and locked 1n a
connector 1n many cases and the penetrating water also enters
the connector at the other end of the ground wire, which
causes a problem of corroding the terminal 1n the connector.

For the above problem, various ground wire waterproof
treatments have been conventionally proposed.

For example, the assignee of the subject mvention pro-
posed to drop a waterproofing agent between an insulating,
coating barrel 2a and a core barrel 26 of a ground terminal 2
crimped and connected to an end of a ground wire 1 as shown
in FI1G. 12 of Japanese Unexamined Patent Publication No.
2006-228709, and air inside an insulating coating layer 1s
sucked from the other end of the ground wire 1 to reduce
pressure. In this way, the dropped waterproofing agent 3 1s
infiltrated 1nto the 1inside of the insulating coating layer to fill
clearances of cores made up of a plurality of strands, thereby
preventing water penetration from a connecting portion with
the ground wire 2 into the 1nside of the ground wire 1.

Also 1 JP 2007-134054, a waterproofing agent 1s dropped
to a ground terminal at an end of a ground wire and air inside
the ground wire 1s sucked to 1nfiltrate the waterproofing agent
into the 1nside of the ground wire by a similar method. In JP
2007-134054, a leakage preventing wall 45 1s arranged
between both side walls 4a of a j1g 4 and the waterproofing,
agent 3 1s dropped with the leakage preventing wall 45 held 1n
close contact with opposite side surfaces of the ground ter-
minal 2 as shown in FIG. 13 1n order to position the ground
terminal 2 and prevent the lateral leakage of the waterprooi-
ing agent.

As described above, 1n each of the waterproofing methods
of JP 2006-228709 and JP 2007-134034, the waterproofing
agent 1s dropped to the exposed core section of the ground
terminal at the end of the ground wire and a waterproofed
position by the waterproofing agent 1s located at the ground
terminal at the end of the ground wire. In other words, 1t 1s
supposed that the ground terminal 1s crimped and connected
to the end of the ground wire and the ground terminal 1s bolted
to a body panel. In this way, the measures of patent documents
for waterproofing the ground wire suppose that the ground
terminal crimped and connected to the end of the ground wire
1s fixed to the body panel.
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However, depending on vehicles, 1t 1s difficult 1n some
cases to ensure a place where a ground terminal 1s fixed. In
such a case, the ground wire has to be extended up to the place
where the ground terminal can be fixed and unnecessary
handling of the ground wire 1s required. In addition, 1t the
ground wire 1s unnecessarily made longer, a possibility of the
ground wire being interfered with and damaged by an exter-
nal interfering member 1s increased by that much. Even if a
waterproof treatment 1s applied at an end position connected
with the ground terminal, water may enter at a damaged
position and penetrate to a connector connecting portion at
the other end of the ground wire 11 the ground wire 1s damaged
at an intermediate position.

Further, the j1g for positioming the ground terminal and
preventing the leakage of the dropped waterproofing agent 1s
necessary at the time of dropping the waterproofing agent to
the ground terminal as disclosed i JP 2007-134054. Since
this j1g needs to be provided for each size of ground terminals,
equipment cost increases, which leads to an increase of pro-
duction cost. In view of these points, there 1s a room for
improvement.

In view of the above problems, a first object of the present
invention 1s to reliably prevent water penetration 1nto a con-
nector connecting portion by applying a waterproof treatment
not at the position of a ground terminal to be bolted to a
vehicle body, but at an arbitrary position of a wire to be
arranged 1n a water susceptible area, thereby enabling the
waterprool treatment to be applied at as close a position as
possible to the wire connected to a connector.

A second object of the present invention 1s to reduce equip-
ment cost for a waterprool treatment by enabling a water-
proofing agent reservoir to be formed in an exposed core
section of a wire having an insulating coating layer removed

without necessitating a j1g or the like 1n conformity with the
s1ze of the ground terminal as 1n JP 2007-134054.

SUMMARY OF THE INVENTION

In order to solve the above problems, the present invention
1s directed to a wire waterproofing method for a wire to be
arranged 1n a water susceptible area of a vehicle, character-
1zed 1n that: the wire 1s such that a core made up of a plurality
of strands 1s covered by an 1nsulating coating layer, the 1nsu-
lating coating layer 1s removed 1n a lengthwise intermediate
part of the wire to expose the core, and a fluid waterproofing
agent 1s dropped to the exposed core section and at the time of
or alter the dropping of the waterproofing agent: the water-
proofing agent 1s infiltrated ito clearances between the
strands of the exposed core section, negative pressure 1s 1ntro-
duced into the inside of the mmsulating coating layer from wire
ends to suck the waterproofing agent into the nside of the
insulating coating layer or the exposed core section 1s loaded
with positive pressure larger than atmospheric pressure to
press the waterproofing agent into the iside of the mnsulating
coating layer, and the waterproofing agent 1s also infiltrated
between the strands of the core inside the msulating coating
layer.

Specifically, 11 the wire to be waterproofed at an 1nterme-
diate position 1s a ground wire and a ground terminal 1s
connected with an end of the ground wire opposite to a con-
nector connecting side and bolted to a vehicle body to be
grounded, a waterprool treatment 1s not applied at the posi-
tion of the ground terminal as disclosed 1n patent documents
1 and 2 and 1s 1nstead applied at an arbitrary position between
both ends of the ground wire, preferably at a position close to
the end at a connector connecting side.
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The wire to be waterproofed according to the present
invention 1s not limited to a ground wire and may be a power
wire or a signal wire to be arranged 1n a water susceptible area
and desired to be waterprooifed.

Since the above wire waterproofing method of the present
invention can apply the waterproof treatment to the length-
wise intermediate part of the wire, unnecessary handling of
the wire can be dispensed with and water penetration into a
connector can be more reliably prevented by applying the
waterprool treatment at the intermediate position of the wire
close to the connector connecting side.

Particularly, an advantage of being able to apply a water-
prool treatment at an arbitrary intermediate position of a wire
1s large for wiring harnesses to be arranged in motorcycles
since the motorcycles have smaller arrangement spaces for
wiring harnesses than cars and include more water suscep-
tible areas.

The exposed core section, to which the waterproofing
agent 1s to be dropped, can be positioned by fixedly holding a
part of the wire including the intermediate part of the wire to
be waterproofed. In addition, the exposed core section, to
which the waterproofing agent 1s to be dropped, 1s located
between the end surfaces of the insulated coating layer parts
at the opposite ends and this sandwiched part serves as a
waterproofing agent reservoir. Thus, the amount of the water-
proofing agent to be pooled 1n the waterproofing agent reser-
volr can be fixed and, even 11 the waterproofing agent dropped
into the waterproofing agent reservoir from above leaks
toward the opposite sides along the strands, 1t 1s not necessary
to prevent the flow of the waterproofing agent using a jig or
the like since the negative pressure 1s mtroduced into the
insides of the isulated coating layer parts at the opposite
sides to suck the waterproofing agent into the insides of
insulating coating portions at the opposite sides or the water-
proofing agent reservoir 1s loaded with pressure air to actively
press the waterproofing agent into the insides of the insulating,
at the opposite sides.

Preferably, an intermediate terminal 1s connected to a part
ol the exposed core section by crimping, welding, fusing or
soldering while being spaced apart from an end surface of a
part of the msulating coating layer abutting on the exposed
core section at one end side, the exposed core section located
between one end surface of the intermediate terminal and the
end surface of the part of the isulating coating layer at the
one end side serves as a waterproofing agent reservoir, and the
negative pressure 1s introduced from the other end of the part
of the insulating coating layer at the one end side to suck the
waterproofing agent into the inside of the part of the 1nsulat-
ing coating layer at the one end side or the waterproofing
agent reservoir 1s loaded with pressure air larger than atmo-
spheric pressure to press the waterproofing agent into the
inside of the part of the insulating coating layer at the one end
side.

If the intermediate crimping terminal 1s crimped and con-
nected to the exposed core section at the intermediate position
as described above, clearances between the strands tightened
by the intermediate crimping terminal can be eliminated and
water penetrating in the clearances between the strands can be
blocked at the crimped position of the intermediate crimping,
terminal. Thus, the penetration of water from the ground
terminal side to the connector connecting side can be reliably
blocked at the crimped position of the intermediate crimping,
terminal.

Regardless of whether the intermediate terminal 1s con-
nected with the exposed core section by welding, fusing or
soldering, the clearances between the strands of the exposed
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core section can be eliminated and water penetrating in the
clearances between the strands can be blocked at the position
of the intermediate terminal.

The exposed core section exposed by removing the insu-
lating coating layer 1s formed by forming a slit in the insulated
coating layer and moving the msulated coating layer part at
one side of the position of slit in many cases. In these cases,
the insulated coating layer part returns from the moved posi-
tion due to 1ts resiliency to shorten the length of the exposed
core section. Thus, 1f the intermediate terminal 1s connected
to the exposed core section by crimping, welding, fusing or
soldering, the waterproofing agent reservoir of a fixed dimen-
s10n can be ensured between the intermediate terminal and
the insulated coating layer part at the other side that was not
moved. Since the length of the waterproofing agent reservoir
can be kept constant in this way, the waterproofing agent to be
dropped can be quantitatively controlled.

In addition, the waterproofing agent can be infiltrated only
into the inside of the insulated coating layer part at one end
side requiring the infiltration of the waterproofing agent,
wherefore the waterproofing agent 1s not wasted.

If the intermediate crimping terminal 1s crimped and con-
nected to the exposed core section, a dedicated or individual
intermediate crimping terminal needs not be used and the
intermediate crimping terminal can be commonly used even
if materials and thicknesses of insulated coating layers differ
if strand constructions of cores are substantially same. In this
respect, parts cost and equipment cost can be reduced more
than 1n the case of a waterproof treatment at a ground terminal
where a diflerent j11g needs to be used 11 the size of the ground
terminal differs.

The waterproofing agent may be dropped to an exposed
core section between the other end surface of the intermediate
terminal and an end surface of a part of the mnsulating coating
layer at the other end side, and the negative pressure may be
introduced from the wire end at the other end side to suck the
waterproofing agent 1nto the inside of the insulating coating
layer or pressure air may be charged to press the waterproot-
ing agent.

If the wire 1s a ground wire and a ground terminal 1s
connected with the other end of the ground wire, a waterproof
treatment needs not be applied by dropping the waterproofing
agent to the exposed core section at the other end side. How-
ever, 1n the case of a power wire or a signal wire having a
connector connecting terminal also crimped and connected to
the other end thereof, the waterproofing agent 1s infiltrated
into the clearances between the strands of the exposed core
section as at the one end side and the negative pressure 1s
introduced 1nto the inside of the msulated coating layer to
infiltrate and fill the waterproofing agent also between the
strands of the core mside the insulating coating layer. Alter-
natively, the pressure air 1s charged to press the waterproofing
agent. In this way, the prevention of water penetration to the
both ends of the wire can be guaranteed.

Specifically, the negative pressure 1s introduced into the
inside of the insulated coating layer from the wire ends at the
time of or after the dropping of the waterproofing agent. I
this case, air 1nside the 1nsulated coating layer 1s sucked to
reduce pressure by connecting the wire ends to air suction
hoses, connecting the air suction hoses to a suction pump and
controlling a suction force of the suction pump.

On the other hand, 1n the case of pressing the waterproofing
agent dropped to the exposed core section using the pressure
air, 1t 1s preferable that a part of the wire where the water-
proofing agent was dropped and the insulated coating layer
parts at the opposite sides of the part where the waterproofing
agent was dropped are positioned 1n a pressurized container
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communicating with a pressure feed pipe connected with a
compressor and permitting the wire to be inserted there-
through in a sealed state and pressure air of 50 to 300 km/cm”
1s supplied from the pressure feed pipe to press the dropped
waterproofing agent into the 1msides of the msulated coating
layer parts.

In the case of crimping and connecting the intermediate
crimping terminal to the exposed core section, the mterme-
diate crimping terminal 1includes a core barrel to be crimped
and connected to the strands of the exposed core section at
one end of a base plate and an 1nsulating coating barrel at the
other end of the base plate at a distance equal to the length of
the waterproofing agent reservoir from the core barrel, and the
insulating coating barrel 1s crimped and connected to the
insulating coating laver.

Further, bent wall portions may be provided at the opposite
widthwise sides of the base plate located at the lower surface
of the waterproofing agent reservoir between the barrels at the
both sides to surround a lower part of the exposed core section
by the wall portions and the base plate.

If the msulating coating barrel 1s provided at the other end
of the intermediate crimping terminal, the crimped position of
the core barrel can be specified by the crimped position of the
insulating coating barrel to the insulated coating layer and the
length of the waterproofing agent reservoir can be reliably
fixed.

In addition, i1f the base plate connecting the insulating
coating barrel and the core barrel at the opposite sides 1s
provided with side walls to have a U-shaped cross section and
the exposed core section as the waterproofing agent reservoir
1s surrounded by the U-shaped part, the dropping waterprooi-
ing agent can be prevented from leaking sideways. Thus, the
leakage of the waterproofing agent can be prevented without
using a jig required in the above JP 2006-228709.

In the case of dropping the waterproofing agent to the
respective exposed core sections between the both ends of the
intermediate crimping terminal and the insulated coating
layer parts at the both ends of the exposed core sections, the
intermediate crimping terminal includes a core barrel, which
1s to be crimped and connected to the strands of the exposed
core section, 1n a central part of the base plate and insulating
coating barrels at the both ends of the base plate at distances
equal to the lengths of the exposed core section from the core
barrel. In addition, the base plate connecting the core barrel in
the center and the 1nsulating coating barrels at the opposite
sides 1s preferably provided with side walls as described
above so as to be able to prevent the leakage of the water-
proofing agent being dropped to the exposed core sections.

It 1s suificient for the waterproofing agent to be tluid. Sili-
cone resin 1s most suitably used.

Instead of silicone resin, silicone rubber, grease or viscous
and resilient adhesive 1s suitably used. There are silicone resin
of two-liquid type and silicone resin of one-liquid type, and
either type may be used 1f 1t 1s fluid for a required time. The
one-liquid type with a longer hardening time 1s more prefer-
able. Since the waterproofing agent 1s dropped, silicone resin
of one-liquid type 1s preferably used.

The present invention 1s also directed to a wire comprising,
a waterproof part formed by the above waterproofing method.

The wire of the present invention including the waterprootf
part at an intermediate position can be used as a wire to be
arranged 1n a water susceptible area, but 1s most preferably
applicable when the wire 1s a ground wire.

For example, 1 the wire 1s a ground wire having one end
connected with a ground terminal and the other end con-
nected with a connector connecting terminal and the ground
terminal 1s to be fixed to a body panel 1n a water susceptible
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area, the waterproot part formed by the waterproofing method
1s provided at an intermediate position close to a connector
connecting portion at the other end of the ground wire, and
negative pressure 1s introduced from an end at the side of the
connector connecting portion to infiltrate and fill the water-
proofing agent into clearances between strands 1nside an 1nsu-
lating coating layer at a connector connecting side. Alterna-
tively, the part where the waterproofing agent 1s dropped 1s
loaded with pressure air to infiltrate and fill the waterproofing
agent between the strands.

If the wire 1s a power wire or a signal wire having one end
connected with a connector connecting terminal and spliced
to another wire 1n a water free area and a connector connect-
ing terminal 1s connected with an end of the spliced other
wire, the waterprool part 1s provided at an intermediate posi-
tion between a spliced position and the end connected with
the connector connecting terminal, and the waterproofing
agent 1s filled 1nto the exposed core section of the waterproof
part and between the strands inside the insulating coating
layer parts at the opposite sides of the exposed core section.

I1 the above construction 1s employed, water may penetrate
to the spliced side unless a waterproof treatment 1s applied to
a side of the waterprootf part toward the spliced position. By
applying the waterproof treatment to the both sides, water
penetration to the other wire spliced 1n the water free area can
be reliably blocked and no waterproof treatment 1s necessary
at the spliced portion.

A waterproof sheet or a waterprool tape 1s preferably
wound around the waterproof part.

Specifically, since the waterproofing agent can be reliably
infiltrated and filled into the clearances between the stands of
the core 1n the waterproot part formed by the inventive water-
proofing method, water penetration can be prevented even 1t
the waterproof part 1s left exposed. However, 1t 1s preferable
to protect the waterproof part by winding the waterproot sheet
or the waterproof tape 1n order to protect the waterproot part
from an external iterfering member and to prevent the con-
tact with an external interfering member when an intermedi-
ate crimping terminal 1s mounted.

As described above, 1n the wire waterproofing method of
the present invention, the waterproof treatment can be applied
at an arbitrary lengthwise position of the wire, thereby

increasing a degree of freedom 1n design. In addition, since no
waterproof treatment needs to be applied at the position of the
ground terminal as disclosed in JP 2006-228709 and JP 2007 -
134054, the waterproof treatment can be applied not only to a
wire connected with a ground terminal to be fixed to a body
panel, but also any arbitrary wire. Thus, unnecessary handling
of the wire can be dispensed with. Further, since the water-
prool part can be formed at the intermediate position close to
the connector connecting side where the waterproof treat-
ment 1s necessary, the connector connecting side can be
waterproofed with increased reliability.

Further, since the waterproof treatment 1s applied at the
intermediate position of the wire, the j1g for positioning the
ground terminal disclosed i JP 2007-134034 becomes
unnecessary and, hence, equipment cost for the waterproof
treatment can be reduced.

I1 the intermediate crimping terminal 1s crimped and con-
nected to the exposed core section to be waterproofed, the
clearances between the strands of the core can be reliably
climinated 1n this crimped part. Also 1n the case of welding,
fusing or soldering the intermediate terminal, water penetrat-
ing between the strands can be reliably blocked by eliminat-
ing the clearances between the strands. In the case of an
intermediate crimping terminal, 1t can be commonly used 1f
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core constructions are substantially same. Therefore, the
number of parts can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(A) 1s an overall view of a wire including a water-
prool part according to a first embodiment of the invention
and FIG. 1(B) 1s an enlarged view of the waterproof part with

a waterproof sheet removed.
FIG. 2(A) 1s a section along A-A of FIG. 1(B), FIG. 2(B) 1s

a section along B-B of FIG. 1(B) and FIG. 2(C) 1s a partial
enlarged section along C-C of FIG. 1(B).

FIGS. 3(A) to 3(D) are diagrams showing a process of
forming the waterproof part of the first embodiment.

FIGS. 4(A) and 4(B) are perspective views showing a
second embodiment.

FI1G. 5 1s a diagram showing a wire including a waterproof
part according to a third embodiment.

FIG. 6 1s a diagram showing a method for forming the
waterprood part according to the third embodiment.

FI1G. 7 1s a diagram showing a waterproot part according to
a fourth embodiment.

FIG. 8 1s a diagram showing an arrangement path of a
power wire according to the fourth embodiment.

FIG. 9 1s a diagram showing a wire including a waterproof
part according to a fifth embodiment.

FIG. 10 1s a section showing an essential part of the water-
prool part according to the fifth embodiment.

FIGS. 11(A) and 11(B) show a modification of the fifth
embodiment, wherein FIG. 11(A) 15 a perspective view of a
waterproodf part and FIG. 11(B) 1s a perspective view of an
intermediate crimping terminal.

FI1G. 12 1s a diagram showing a prior art.

FIGS. 13(A)and 13(B) are diagrams showing another prior
art.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, embodiments of the present invention are
described with reference to the drawings.

FIGS. 1 to 3 show a first embodiment.

In the first embodiment, a wire 10 for a ground circuit
arranged 1n a water susceptible area 1s provided with a water-
proof part 11.

The wire 10 has one end crimped and connected to a
terminal 13, which 1s to be 1nserted and locked 1n a connector
20, and the other end crimped and connected to a ground
terminal 14. The waterproof part 11 1s formed at an interme-
diate position closer to the connector connecting terminal 13
than to the ground terminal 14.

As shown 1n FIG. 2(B), the wire 10 1s composed of a core
16 formed by twisting a multitude of strands 15 and an insu-
lating coating layer 17 surrounding the core 16 and made of
insulating resin.

In the waterproot part 11 of the wire 10, a slit 1s formed 1n
the 1nsulating coating layer 17 and an insulating resin layer
17B at a side of the slit toward the ground terminal 1s moved
to form an exposed core section 18 having the msulating resin
layer removed between a slit end surface 17B1 of the 1nsu-
lating resin layer 17B and a slit end surface 17A1 of an
insulating resin layer 17A at the other side as shown 1n FIG.
3(A).

A waterproofing agent 21 made of silicone resin 1s dropped
to the exposed core section 18 and infiltrated and filled 1nto
clearances between the strands 15 of the exposed core section
18. The waterproofing agent 21 1s also infiltrated into the
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insides of the insulating resin layers 17A, 17B at the opposite
ends of the exposed core section 18 from the slit end surfaces
17A1, 17B1, thereby filling the waterproofing agent 21 also
into clearances between the strands 15 of the core 16 1nside
these 1nsulating resin layers 17A, 17B.

A waterproof sheet 22 having an adhesive applied thereto 1s
wound around and fixed to the exposed core section 18 filled
with the waterproofing agent 21.

Next, a method for forming the waterproof part 11 1s
described with reference to FIG. 3.

As shown i FIG. 3(A), the wire 10 having the one end
crimped and connected to the connector connecting terminal
13 and the other end crimped and connected to the ground
terminal 14 has the msulating coating layer 17 removed at a
required position as described above, thereby forming the
exposed core section 18.

Subsequently, as shown 1n FI1G. 3(B), the wire 10 1s so held
that the exposed core section 18 1s located below a dispenser
(waterproofing agent supplying device) 23 of the waterprooi-
ing agent 21 in a horizontal direction.

Subsequently, as shown 1n FIG. 3(C), the fluid waterprooi-
ing agent 21 having a required viscosity (e.g. 0.6 Pa-s) 1s
dropped to the exposed core section 18 from above.

Subsequently, as shown 1n FIG. 3(D), sitmultaneously with
the dropping of the waterproofing agent 21 or with the water-
proofing agent 21 applied to the entire exposed core section
18, negative pressure 1s mtroduced into the insides of the
insulating coating layers 17A, 17B from the opposite ends of
the wire 10. Specifically, the opposite ends of the wire 10 are
inserted 1nto and coupled to air suction hoses 24 connected
with a suction pump, air between the strands 15 1nside the
insulating coating layers 17A, 17B 1s sucked to reduce pres-
sure from exposed core sections of the terminals 13 and 14
exposed between core barrels and 1nsulating coating barrels.

By reducing pressure mside the msulating coating layers
17A, 17B, the waterproofing agent 21 applied to the exposed
core section 18 1s sucked and infiltrated 1nto the insides of the
insulating coating layers 17A, 17B from the slit end surfaces
17A1, 17B1, thereby being filled into the clearances between
the strands 15 1nside the msulating coating layers.

Simultaneously, the waterproofing agent 21 1s also 1nfil-
trated 1nto the clearances between the strands 15 in the
exposed core section 18 to be filled between the strands 15,
and 1s applied to the outer circumierential surface of the
exposed core section 18.

The dropping of the waterproofing agent 21 and the intro-
duction of the negative pressure from the ends of the wire 10

may be performed by one operation or a plurality of times at
time 1ntervals.

The waterproofing agent 21 infiltrated and filled into the
clearances between the strands 135 1n the exposed core section
18 and iside the msulating coating layers 17A, 17B at the
opposite sides of the exposed core section 18 1s hardened after
the lapse of a specified time.

The waterproot sheet 22 1s wound around the exposed core
section 18 before or after the hardening of the waterproofing
agent 21, thereby forming the waterproof part 11.

In the waterproof part 11 formed by the above method, the
waterproofing agent 21 1s {illed in the clearances between the
stands 15 of the exposed core section 18 and the entire outer
circumierential surface of the exposed core section 18 1is
covered by the waterproofing agent 21, whereby water pen-
etration can be prevented. Further, since the waterproofing
agent 21 1s filled 1n the clearances between the mner strands

15 close to the slit end surfaces 17A1, 17B1 inside the 1nsu-
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lating coating layers 17A, 17B at the opposite sides of the
exposed core section 18, the reliable waterproof part 11 1s
formed.

Thus, even if the ground terminal 14 at the end of the wire
10 1s arranged 1n a water susceptible area and water enters the
wire 10 from the end connected to the ground terminal 14 and
penetrates through the clearances between the strands 135 in
the wire 10, this water can be reliably stopped by the water-
proof part 11 and water penetration to the terminal 13 at the
other end connected with the connector 20 can be prevented.

FIGS. 4(A) and 4(B) show a second embodiment.

In the above first embodiment, the negative pressure 1s
introduced to the insides of the mnsulating coating layers 17 A,
17B from the opposite ends of the wire 10 and the waterprooi-
ing agent 21 1s sucked 1nto the clearances between the strands
15 1n the exposed core section 18 and into the insides of the
isulating coating layers 17A, 17B by the negative pressure.
However, 1n the second embodiment, the exposed core sec-
tion 18 1s loaded with pressure air to press the waterproofing,
agent 21 into the clearances between the strands 15 of the
exposed core section 18 and into the 1nsides of the mnsulating
coating layers 17A, 17B at the opposite sides.

As shown 1n FI1G. 4, a pressurized container 30 1s provided
to seal the exposed core section 18 and the 1nsulating resin
layers 17A, 17B at the opposite sides. The pressurized con-
tainer 50 includes a lower container 51 and an upper container
52 hinged to the lower container 51 and 1s formed with semi-
circular grooves 51b, 5256 1n the centers of joint surfaces of
side walls 51a, 52a of the upper and lower containers 51, 52.
With the upper container 32 rotated to close the lower con-
tainer 51, the wire 10 penetrates through the pressurized
container 50 while being closely fitted 1n the grooves 515,
520b.

The lower container 51 1s shallow and a stepped projection
51c¢ 1s provided 1n a central part of the bottom wall.

On the other hand, a pipe mount hole 52¢ 1s formed 1n the
upper wall of the upper container 52 and the leading end of a
pressure feed pipe 56 connected with a compressor 55 1s
coupled to the pipe mounting hole 52¢.

With the upper container 52 of the pressurized container 50
tully opened, the exposed core section 18 of the wire 10 1s
positioned 1n the central part of the lower container 51, the
insulating coating layers 17A, 17B at the opposite sides are
placed 1n the semicircular grooves 515 of the opposite side
walls of the lower container 51 and the exposed core section
18 15 set on the stepped projection Slec.

In this state, the waterproofing agent 21 1s dropped to the
exposed core section 18. The wire 10 may be set in the lower
container 31 immediately after the waterproofing agent 21 1s
dropped to the exposed core section 18.

After the wire 50 1s set 1in the lower container 51, the upper
container 52 1s rotated to close the lower container 51. In this
state, the semicircular grooves 5256 of the upper container 52
are fitted to the upper semi-circumierential surfaces of the
insulating coating layers 17A, 17B. In this way, the exposed
core section 18 and the insulating coating layers 17A, 17B at
the opposite sides are accommodated 1n a sealed manner in
the upper and lower containers 52, 51.

Subsequently, pressure air of 50 to 300 kg/cm* is intro-
duced 1nto the pressurized container 50 via the pressure feed
pipe 56 from the compressor 55.

By the introduced pressure air, the waterproofing agent 21
dropped to the exposed core section 18 1s pressed into the
clearances between the strands and also into the clearances
between the strands 1nside the mnsulating coating layers 17A,
178 at the opposite sides of the exposed core section 18. At
this time, since pressure 1s also exerted to the outer circum-
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ferential surfaces of the insulating coating layers 17A, 178,
only a small amount of the waterproofing agent 21 1s pressed
into the msides of the insulating coating layers 17A, 17B and
the flow of the waterproofing agent 21 1nsides the mnsulating
coating layers 17A, 17B can be prevented, wherefore the
waterproofing agent 21 can be reliably pressed into the clear-
ances between the strands of the exposed core section 18.

Thereatter, the wire 10 1s taken out from the pressurized
container 50 and the waterproot sheet 22 1s wound around the
exposed core section where the waterproofing agent 21 was
filled and hardened, thereby forming the waterproot part.

If the waterproofing agent 21 dropped to the exposed core
section 18 1s filled into the clearances between the strands by
being pressurized 1n this way, 1t 1s not necessary to introduce
negative pressure from the ends of the wire and 1t 1s sufficient
to set a part of the wire including the exposed core section 18
in the pressurized container and charge the pressure air. Thus,
only the exposed core section 18 and the parts at the opposite
sides of the exposed core section 18 are treated, wherelore a
waterproofing apparatus can be miniaturized.

FIGS. § and 6 show a third embodiment.

In the third embodiment, an intermediate crimping termi-
nal 30 having a U-shaped cross section 1s crimped and con-
nected to the exposed core section 18.

A waterproofing agent reservoirr 31 having a required
length 1s provided between one end 30q of the intermediate
crimping terminal 30 1n a lengthwise direction and the slitend
surface 17A1 of the msulating coating layer 17A.

The waterproofing agent 21 1s dropped 1nto the waterprood-
ing agent reservolr 31 from above and negative pressure 1s
introduced from the end of the msulating coating layer 17A
(1.e. end crimped and connected to the connector connecting,

terminal 13) as i the first embodiment to suck the water-
proofing agent 21 from the slit end surface 17A1 in the 1nsu-
lating coating layer 17A.

An exposed core section 1s formed between another end
306 of the intermediate crimping terminal 30 and the slit end
surface 17B1 of the other insulating coating layer 17B. How-
ever, since the insulating coating layer 17B 1s moved from the
slit to form the exposed core section 18, the insulating coating,
layer 17B gradually returns to 1ts initial position and, finally,
almost no clearance 1s present between the other end 3056 of
the intermediate crimping terminal 30 and the slit end surface
17B1 of the insulating coating layer 17B.

Since the clearances between the strands 15 are first elimi-
nated at a crimped position of the intermediate crimping,
terminal 30 1n the waterproof part 11 according to the third
embodiment, even 1f water penetrates 1n the clearances nside
the 1nsulating coating layer 17B from the ground terminal,
water passing between the strands 1s blocked at the crimped
position of the intermediate crimping terminal 30.

Further, since the waterproofing agent 21 1s filled in the
exposed core section 18 between the intermediate crimping
terminal 30 and the msulating coating layer 17B and 1n the
clearances between the strands 15 inside the insulating coat-
ing layer 17 at the side of the connector as in the first and
second embodiments, water penetration to the connector con-
nected end can be reliably prevented.

Further, since the length of the waterproofing agent reser-
voir 31 can be held constant 1n the second embodiment, the
waterproofing agent 21 can be quantitatively controlled.

Although the waterproofing agent 21 dropped to the
exposed core section 18 1s sucked by the negative pressure
introduced from the wire end 1n the third embodiment as 1n
the first embodiment, 1t may be good to introduce pressure air
into a set pressurized container and pressingly fill the water-
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proofing agent 21 dropped to the exposed core section 18 into
the clearances between the strands as in the second embodi-
ment.

FIGS. 7 and 8 show a fourth embodiment.

A wire 10 of the fourth embodiment 1s a power wire and has
an end on the side of an 1nsulating coating layer 17A con-
nected with a connector connecting terminal 13 to be con-
nected with a unit 60 arranged in a water susceptible area,
which 1s an engine compartment, and the other end connected
with a fuse terminal 63 of an electrical connection box 62
arranged 1n a vehicle interior as shown in FIG. 8. The wire 10
1s also spliced to an end of a wire 65 to be connected with
another unit 64 1n a water free area in the vehicle interior. In
the case of forming a waterprooi part 70 in a water susceptible
area S 1n the engine compartment between this spliced por-
tion 66 and the connector connecting terminal of the wire 10,
a construction shown 1n FIG. 7 1s employed.

Specifically, a waterproofing agent 21 1s dropped to both
exposed core sections 18A, 18B formed between an interme-
diate crimping terminal 30 and slit end surfaces 17A1, 17B1
of insulating coating layers 17A, 17B and negative pressure 1s
introduced form the opposite ends of the wire 10.

In other words, the waterproofing agent 21 1s filled 1nto
clearances between strands 135 of the exposed core sections
18 A, 18B, applied to the entire outer circumierential surfaces
ol the exposed core sections 18A, 18B and, as in the first
embodiment, filled into clearances between strands inside the
insulating coating layers 17A, 17B.

If the above construction 1s employed, water penetration to
the spliced portion 66 can be blocked to prevent water pen-
ctration to the other wire 65 and no waterproof treatment 1s
necessary at the spliced portion 66 even if the waterproof
portion 70 1s disposed 1n the water susceptible area S. Further,
since water penetration to the terminal 61 connected with the
other end of the wire 10 can also be blocked, water penetra-
tion into an electrical connection box 62 can be prevented.

In this way, the need for the waterproof treatment at the
spliced portion 66 and the terminal 61 at the other end can be
obviated by the waterproof treatment at the waterproof part
70.

Since the waterproofing agent penetrates 1into the insides of
the insulating coating layers 17A, 17B at the opposite sides in
the waterprootf part also in the first embodiment, this con-
struction 1s effective also for a wire of a power supply circuit.

If the wire 10 1s similarly constructed also 1n the case of
being a signal wire connected with a signal circuit in the
clectrical connection box 62, it 1s eflective to provide water-
prool parts at the opposite sides of the waterproot part 70.

Also 1n this fourth embodiment, instead of sucking the
waterproofing agent 21 dropped to the exposed core section
18 by the negative pressure introduced from the wire ends, it
may be good to mtroduce pressure air into a set pressurized
container and pressingly fill the waterproofing agent 21
dropped to the exposed core section 18 into the clearances
between the strands as 1n the second embodiment.

FIGS. 9 and 10 show a fifth embodiment.

In the fifth embodiment, an intermediate crimping terminal
40 1s so shaped that a core barrel 42 1s provided at one end of
a base plate 41 and an insulating coating barrel 43 1s provided
at the other end at a required distance from the core barrel 42.
Side walls 415 project from the opposite widthwise ends of a
base plate portion 41a between the core barrel 42 and the
insulating coating barrel 43 to have a U-shaped cross section.

The core barrel 42 1s crimped and connected at an interme-
diate position of an exposed core section 18 as in the third
embodiment, whereas the insulating coating barrel 43 1is
crimped and connected to the outer circumierential surface of
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the exposed core section 18 near a slit end surface 17A1 of an
insulating coating layer 17A at a connector connected side.
The U-shaped base plate portion 41a between the crimped
and connected barrels 42 and 43 1s so arranged as to surround
the lower and opposite side surfaces of the exposed core
section 18 as a waterproofing agent reservoir 31.
A waterproofing agent 21 1s dropped to the exposed core
section 18 surrounded by the U-shaped base plate portion
41a. This dropped waterproofing agent 21 can be reliably
prevented from leaking sideways by the opposite side walls
416 of the base plate portion 41a and the amount of the
waterproofing agent 21 to be dropped can be quantitatively
controlled by the presence of the waterproofing agent reser-
voir 31 as 1n the third embodiment.
As 1n the third embodiment, the waterproofing agent 21
dropped to the waterproofing agent reservoir 31 1s sucked into
the mside of the insulating coating layer 17 A by the introduc-
tion of negative pressure from the end of the insulating coat-
ing layer 17A to be filled into clearances between inner
strands, infiltrated and filled between strands of the exposed
core section 18 as the waterproofing agent reservoir 31 and
applied to the entire outer circumierential surface.
Also 1n this fifth embodiment, instead of sucking the water-
proofing agent 21 dropped to the exposed core section 18 by
the negative pressure introduced from the wire ends, it may be
good to introduce pressure air into a set pressurized container
and pressingly fill the waterproofing agent 21 dropped to the
exposed core section 18 into the clearances between the
strands as 1n the second embodiment.
FIG. 11 show a modification of the fifth embodiment.
In this modification, an intermediate crimping terminal 45
includes a core barrel 42 and insulating coating barrels 43, 46
at the opposite sides of the core barrel 42, and the insulating
coating barrels 43, 46 are crimped and connected to mnsulating
coating layers 17A, 17B at the opposite sides of an exposed
core section 18. A base plate portion 41¢ between the core
barrel 42 and the insulating coating barrel 46 1s also provided
with side walls 41d to have a U-shaped cross section, and
surrounds the lower and opposite side surfaces of an exposed
core section 18B as a waterproofing agent reservoir 47
between the core barrel 46 and the insulating coating barrel
46.
In this way, as i the fourth embodiment, the dropped
waterproofing agent 21 can be reliably prevented from leak-
ing sideways 1n the case of dropping the waterproofing agent
21 to the both exposed core sections 18A, 18B.
A wire having a waterprool part formed by the waterprooi-
ing method of the present invention can be applied as a wire
to be arranged 1n a water susceptible area of a car or a motor-
cycle. Particularly, wires arranged in motorcycles have a high
possibility of being arranged 1n a water susceptible area and a
place where a ground terminal can be fixed to a vehicle body
1s restricted as compared with cars. Therefore, the above wire
can be most suitably used as a ground wire to be arranged 1n
a motorcycle.
What 1s claimed 1s:
1. A wire waterproofing method for a wire to be arranged 1n
a water susceptible area of a vehicle, the wire having a core
made up of a plurality of strands covered by an insulating
coating layer, wherein the method comprises:
removing the insulating coating layer in a lengthwise inter-
mediate part of the wire to expose the core, and

dropping a fluid waterproofing agent to the exposed core
section and at the time of or after the dropping of the
waterproofing agent:

infiltrating the waterproofing agent into clearances

between the strands of the exposed core section,
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inserting a part of the wire where the waterproofing agent
1s dropped and parts of the isulating coating layers at
the opposite sides of the part of the wire where the
waterproofing agent 1s dropped in a pressurized con-
tainer 1n a sealed manner,
supplying pressure air of 50 to 300 km/cm” into the pres-
surized container to press the dropped waterproofing
agent 1nto the exposed core section and the inside of the
insulating coating layer, and thereby infiltrating the
waterproofing agent between the strands of the core
inside the msulating coating layer.
2. A wire waterproofing method according to claim 1,
wherein:
an intermediate terminal 1s connected to a part of the
exposed core section by crimping, welding, fusing or
soldering while being spaced apart from an end surface
of a part of the insulating coating layer abutting on the
exposed core section at one end side,
the exposed core section located between one end surface
of the intermediate terminal and the end surface of the
part of the imnsulating coating layer at the one end side
serves as a waterproofing agent reservoir, and
the negative pressure 1s introduced from the other end of
the part of the insulating coating layer at the one end side
to suck the waterproofing agent into the inside of the part
of the msulating coating layer at the one end side of a
waterproofing agent reservoir 1s loaded with pressure air
to press the waterproofing agent into the inside of the
part of the insulating coating layer at the one end side.
3. A wire waterproofing method according to claim 2,
wherein:
the waterproofing agent 1s dropped to an exposed core
section between the other end surface of the intermedi-
ate terminal and the end surface of the part of the 1nsu-
lating coating layer at the other end side, and
the negative pressure 1s introduced from the wire end at the
other end side to suck the waterproofing agent into the
inside of the mnsulating coating layer or the exposed core
section 1s loaded with the pressure air to press the water-
proofing agent into the 1nside of the msulating coating
layer.
4. A wire waterproofing method according to claim 2,
wherein:
the intermediate crimping terminal includes a core barrel to
be crimped and connected to the strands of the exposed
core section at one end of a base plate and an 1sulating
coating barrel at the other end of the base plate at a
distance equal to the length of the waterproofing agent
reservoir from the core barrel,
the insulating coating barrel 1s crimped and connected to
the insulating coating layer, and
bent wall portions are provided at the opposite widthwise
sides of the base plate located at the lower surface of the
waterproofing agent reservoir between the both barrels
to surround a lower part of the exposed core section by
the wall portions and the base plate.
5. A wire waterproofing method according to claim 1,
wherein the waterproofing agent 1s made of silicone resin.
6. A wire, comprising a waterprood part formed by a water-
proofing method according to claim 1.
7. A wire according to claim 6, wherein:
the wire 1s a ground wire having one end connected with a
ground terminal and the other end connected with a
connector connecting terminal and the ground terminal
1s to be fixed to a body panel in a water susceptible area,
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the waterproot part formed by the waterproofing method 1s
provided at an intermediate position close to the connec-
tor connecting terminal at the other end of the ground
wire, and
negative pressure 1s mtroduced from an end at the side of
the connector connecting portion to infiltrate and fill the
waterproofing agent into clearances between strands
inside an insulating coating layer at a connector connect-
ing side.
8. A wire according to claim 6, wherein:
the wire 1s a power wire or a signal wire having one end
connected with a connector connecting terminal and
spliced to another wire 1n a water iree area,
the connector connecting terminal 1s connected with an end
of the spliced other wire,
the waterproot part 1s provided at an intermediate position
between a spliced position and the end connected with
the connector connecting terminal, and
the waterproofing agent 1s filled into the exposed core
section of the waterproot part and between the strands
inside msulating coating layer parts at the opposite sides
of the exposed core section.
9. A wire according to claim 6, wherein a waterproof sheet
or a waterprood tape 1s wound around the waterproof part.
10. The method of claim 1, wherein a step of generating a
pressure differential comprises introducing a negative pres-
sure inwardly of first and second sections of the insulating,
coating layer from locations spaced from the exposed core
section.
11. A method for waterproofing a wire to be arranged 1n a
water-susceptible area of a vehicle, comprising:
providing a wire having a core formed from a plurality of
strands and an mnsulating coating layer covering the core;
removing a lengthwise intermediate part of the insulating
coating layer to form an exposed core section between
first and second spaced-apart sections of the msulating
coating layer;
connecting an intermediate terminal to the exposed core
section;
dropping a tluid waterproofing agent on the exposed core
section so that the fluid waterproofing agent infiltrates
into clearances between the strands of the exposed core
section; and
generating a pressure differential between the exposed core
section and areas mwardly of the first and second sec-
tions of the insulating coating layer by inserting the
exposed core section and areas of the first and second
sections of the insulating coating layer adjacent to the
exposed core section 1nto a container, sealing the con-
tamner and then supplying air pressure of 50 to 300
km/cm” into the container so that pressure at the exposed
core section exceeds pressure mnwardly of the first and
second sections of the msulating coating layer for caus-
ing the waterproofing agent to infiltrate between the
strands of the core inside the insulating coating layer.
12. The method of claim 11, wherein the step of generating
a pressure differential comprises loading areas surrounding
the exposed core section with high pressure air for pressing
the waterproofing agent between the strands of the core inside
the first and second sections of the msulating coating layer.
13. The method of claim 11, wherein the step of dropping
the fluid waterproofing agent comprises dropping the water-
proofing agent at least at first and second locations on the
exposed core section disposed at opposite respective ends of
the intermediate terminal.
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14. The method of claim 11, wherein the step of connecting
the intermediate terminal to the exposed core section com-
prises crimping the intermediate terminal to the exposed core
section.

15. The method of claim 11, further comprising winding a
waterprool sheet or a waterproof tape around the exposed

16

core section and the intermediate terminal after the water-
proofing agent has been applied to the exposed core section
and infiltrated 1nto areas inwardly of the first and second
sections of the insulating coating layer.
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